Objective: The prognostic value of MAC severity is important not only because it shares common risk factors with vascular atherosclerotic changes but also through increasing the cardiovascular morbidity and mortality. This study was conducted in order to evaluate association between severity of MAC and left sided echocardiographic abnormalities mainly left sided valvular abnormalities as well as left atrial systolic and diastolic functional abnormalities. Methods: We prospectively obtained 12-lead electrocardiograms and transthoracic echocardiograms (TTE) on patients scheduled for non-emergent echocardiographic assessment at tertiary care hospital. MAC was graded as mild, moderate and severe. LA linear dimensions, LA fi lling and emptying volumes and left atrium ejection fraction were done specifi cally in addition to commonly measured TTE parameters. Results: From the 80 patients considered for the study, 47 patients had mild MAC, 29 patients had moderate MAC and 4 patients had severe MAC. Valvular affection through echo-doppler assessment that included mainly mitral stenosis, mitral incompetence, aortic sclerosis as well as aortic incompetence showed a highly signifi cant statistical difference (p-values 0.00, 0.00, 0.00 and 0.00 respectively). There was a highly significant statistical difference between patients with different degrees of MAC and LA linear dimension (p-value 0.00), all LA fi lling and emptying volumes as well as LA ejection fractions with the exception of LA passive emptying volume and LA passive ejection fraction were insignifi cant. Conclusions: There is a direct proportionate relationship between severity of MAC and associated left sided valvular affection, increase LA linear dimension as well as lower overall LA function.
Introduction
Mitral annular calcifi cation (MAC) is a well-recognized pathologic entity with unclear etiology in most cases. It represents a chronic, degenerative, non-infl ammatory condition in the fi brous base of the mitral valve apparatus [1] . It begins as one or more small hard nodules at the base of the posterior mitral leafl et, commonly the middle of the leafl et. As it increases in size, the small calcifi c nodules coalesce to form a continuous bar or ridge projecting in to the angle between the posterior mitral leafl et and the posterior wall. The calcifi cation occurs in the annulus region and basal part of the leafl ets sparing the free edges of the leafl ets [2] .
Although the development of degenerative calcifi cation of the mitral annulus is functionally of little consequence in most hearts, it shares common risk factors with atherosclerosis; including systemic hypertension, hypercholesterolemia, and diabetes [3] . Therefore it is important to risk-stratify patients with MAC because of its association with other important disorders such as coronary and carotid atherosclerosis and increased risk for cardiovascular morbidity and mortality [3, 4] .
Subjects and methods

Subjects
This was a prospective study conducted on 80 patients with MAC attending for non-emergent echocardiographic assessment at a tertiary care teaching hospital (Ain Shams University Hospitals, Cairo, Egypt). The study protocol was approved by the local ethical committee of Ain Shams University.
Exclusion criteria included age less than 50 years, any metabolic diseases, any signifi cant rheumatic valvular affection as well as patients with atrial fi brillation.
Methods
Electrocardiogram (ECG) guided trans-thoracic echocardiography (TTE) was performed for determination of the different cardiac cycle phases. The onset of the P wave had been defi ned as the junction between the isoelectric T-P baseline and the beginning of the P defl ection, while the terminal point as the junction between the end of P defl ection and the PR segment [5] .
Maximal LA linear dimension on TTE had been assessed in the parasternal long axis view from the leading edge of the aortic wall to the leading edge of the posterior LA wall during end systole [6, 7] . LA volumes were estimated by applying the method of discs (modifi ed Simpson's rule) to two dimensional apical four-and two-chamber TTE images. Measurements were obtained during end-systole, end-diastole according to described equations in Table 1 [9, 10] .
MAC was defi ned as a dense highly refl ective area at the base of the posterior mitral leafl et in the parasternal short axis view [6, 7, 10] . MAC was graded as none, mild moderate and severe. Mild MAC was cited when one third or less of the mitral annulus was affected, moderate MAC was cited when between one third and two thirds of the mitral annulus was affected and severe MAC was cited when involvement exceeded two thirds of the mitral annulus ( Fig. 1) [11].
Defi nition of covariates
Baseline evaluation was performed at enrollment. Hypertension status was defi ned as systolic blood pressure recorded ≥ 140 mm Hg or a diastolic blood pressure recorded ≥ 90 mm Hg based on the mean of 2 measurements, a patient's self-reported history of hypertension, or antihypertensive treatment. Diabetes mellitus was defi ned by a patient's self-reported, insulin use, oral hypoglycemic use, or a fasting glucose ≥ 126 mg/dl. Body mass index was calculated as weight (kilograms) divided by height (meters) squared. Smoking was defi ned as current cigarette smoking. Echocardiographic parameters and measurements were performed and taken according to the recommendation of the American Society of Echocardiography [11] .
Statistical analysis
The data were coded, entered and processed on computer using 
Results
The three groups were remarkably similar in observed The regression analysis of risk factors summation and its correlation to MAC severity showed high statistical signifi cance with p-value 0.00 which means that the more the number of risk factors which the patient had, the more will be the expected degree of MAC severity. This refl ected from the observation that 50% of severe MAC patients had 3 risk factors and the other 50% had 4 risk factors. On the contrary 95.75 % patients with mild MAC had 1 or 2 risk factors while 4.25% had 3 risk factors and none had 4 risk factors.
Valvular affection through echo-doppler assessment that included mainly mitral stenosis, mitral incompetence, aortic sclerosis as well as aortic incompetence showed a highly signifi cant statistical difference (p-values 0.00, 0.00, 0.00 and 0.00 respectively). In mild MAC group no one had MS while in moderate MAC group there were 27/29 patients had mild MS and in severe MAC group Highly signifi cant statistical differences were found between patients with different degrees of MAC and LA linear dimension evaluated by M-mode (p-value 0.00) (Table 2). Also, all LA fi lling and emptying volumes showed a highly signifi cant statistical difference between different groups but LAPEV was insignifi cant (Table 3) . Finally, LA ejection fraction calculated as (LAAEF and LATEF) showed a highly signifi cant statistical difference between different groups. However, LAPEF was insignifi cant (Table 4 ) .
Discussion
MAC was fi rst described when it was noted in association with complete heart block in 1908 [12] . It is a common degenerative process involving the fi brous annulus of the mitral valve, mitral valve leafl ets but chordate tendineae are generally not involved [13] .
Our study was conducted in order to evaluate association between severity of MAC and left sided echocardiographic abnormalities mainly left sided valvular abnormalities as well as left atrial systolic and diastolic functional abnormalities. We demonstrated that MAC was signifi cantly associated with valvular regurgitation (MR and AR) as well as MS and aortic sclerosis. It is suggested that when mitral valve annulus become thick, rigid and calcifi ed, it may interfere with valve opening and closing, causing valvular stenosis or regurgitation.
When focusing on valvular abnormalities, we discovered a signifi cant association between MAC and presences of MR which increased with severity of MAC. We noticed that moderate MR present only in severe MAC patients while mild MR was noticed both in mild and moderate MAC patients. This goes with a large echocardiographic database of over 24,000 patients conducted in 2007 and evaluated associations between MAC and valvular abnormalities including MR and suggested that MAC became an important cause of mitral regurgitation at severe calcifi cations [14] . Also, Bozbas et al. stated that MAC occasionally associated with signifi cant mitral regurgitation [15] .
As regards mitral stenosis, it was noted to be rare and present in 2.5% of patients. However, we found a strong association between severe degree of MAC and MS (50% of patients). This correlates with Bozbas et al. who reported that MAC can rarely cause symptomatic mitral stenosis that usually present at severe calcifi cation [15] as well as the work done by Salman and colleagues in 2007 at which MS reported to be quite rare [16] . Salman concluded that MAC had reduced mitral valve area compared with normal subjects, and nearly all patients with a signifi cant MV gradient had severe MAC. Also, Korn et al. in 1962 described 14 cases of massive calcifi cation of the mitral annulus of which 9 had signifi cant stenosis [17] .
The strong association between MAC and aortic valve calcifi cation in our study suggests that MAC may play a direct role in the pathogenesis of aortic sclerosis or that patients with MAC may represent a group of individuals with increased susceptibility to generalized calcium deposition in the cardiac and extra cardiac tissues. This correlates with Boon et al. who found association between both mitral annular calcifi cation and aortic valve calcifi cation [2] . This fi nding also went with Benjamin et al. who found that patients with mitral annular calcifi cation had a signifi cantly higher prevalence of aortic atheroma [18] .
A direct proportional relationship between severity of MAC and LA enlargement was demonstrated. It is suggested that this enlargement may be as a cumulative effect of associated risk factors, presence of valvular abnormalities as well as the strong correlations between MAC and IHD. All these factors can either directly or indirectly enhance stress on the LA resulting in its enlargement. Ariyarajah et al. on the other hand, reported the same association between MAC and increase in LA linear dimension [19] .
LA systolic volume, which in essence, represents the volume emptied from the LA following active atrial contraction, was lower as we expand from mild to severe MAC. There was a trend toward lower (LASV), LAAEF as well as LATEF with increasing severity of MAC. This results in a poorer LA active emptying fraction and serves as a good indicator of a poor overall LA function. Lower LA stroke volumes and emptying fractions may not be as much of a factor in those with preserved left ventricular function or those without severe left ventricular diastolic impairment [20] . However, in vulnerable patients who are dependent on intact atrial function, such as those with severely depressed left ventricular systolic or dia- [20, 21] . We could not fi nd any paper that demonstrates severe MAC as a separate entity and compare it with mild and moderate degree which may be due to rarity of this fi nding. In our study we found 4 patients (5%) with severe MAC and concluded that the more the severity of MAC, the more the increase in LA dimension, the more the decrease in LA ejection fractions as well as the higher the incidence of valvular affection especially MR and aortic sclerosis.
